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ABS TRACT 

M a j o r  i n d u s t r y  i n t e r e s t  i s  b e g i n n i n g  t o  be devo ted  t o  i n d i u m  phosph ide  and i t s  
p o t e n t i a l  a p p l i c a t i o n s .  Key t o  these  a p p l i c a t i o n s  a r e  h i g h  speed and r a d i a t i o n  t o l -  
e rance ;  however t h e  h i g h  cost o f  i n d i u m  phosph ide  may be an i n h i b i t o r  t o  p r o g r e s s .  
The b r o a d  a p p l i c a b i l i t y  o f  i n d i u m  phosph ide  t o  many d e v i c e s  w i l l  be d i s c u s s e d  w i t h  

w an emphasis on  p h o t o v o l t a i c s .  M a j o r  a t t e n t i o n  i s  devo ted  t o  r a d i a t i o n  t o l e r a n c e  and 
means o f  r e d u c i n g  c o s t s  o f  d e v i c e s .  
may a l s o  be r e l e v a n t  t o  o t h e r  d e v i c e s .  The i n t e n t  i s  t o  d i s p l a y  t 
a r y  l e a d e r s h i p  i n  t h e  f i e l d  and t o  e n a b l e  new d i r e c t i o n s  and b r o a d  
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- 
Some o f  t h e  approaches a p p l i c a b l e  t o  s o l a r  c e l l s  

i nd i um phosph i de . 

1 .  INTRODUCTION 

I would  l i k e  t o  s t a r t  o u t  w i t h  a s to ry  abou t  f o o t b a l l  - I w i l  
i n d i u m  DhosDhide i n  a l i t t l e  w h i l e  b u t  i t  makes an i m p o r t a n t  p o i n t  

e impac t  o f  v i s i o n -  
app l  i c a b i  1 i t y  o f  

r e l a t e  i t  t o  
Back i n  1957 

when I g r a d u a t e d  from t h e  U n i v e r s i t y  o f  Oklahoma, we p l a y e d  f o o t b a l l  f o r  f u n .  
W i l k i n s o n ' s  teams w e r e  awesome. I n  t h e  f i r s t  q u a r t e r  t h e  f i r s t  s t r i n g  wou ld  p l a y  
w i t h  t h e  a d v e r s a r i e s ;  i n  t h e  second q u a r t e r ,  t h e  second s t r i n g .  The t h i r d  s t r i n g  
p l a y e d  t h e  t h i r d  q u a r t e r  and by  t h e  f o u r t h  q u a r t e r ,  p r a c t i c a l l y  anyone c o u l d  p l a y .  
I g o t  s p o i l e d  by  t h i s  - I t h o u g h t  sco res  were supposed t o  be 66-0. A s  we know, how- 
e v e r ,  a l l  good t h i n g s  must  end. I n  t h e  f a l l  o f  1957 ( a f t e r  I had g r a d u a t e d ) ,  N o t r e  
Dame came down and p u t  an end t o  t h e  l o n g e s t  w i n n i n g  s t r e a k  i n  c o l l e g e  f o o t b a l l .  The 
s c o r e  was n o t  h i g h  - someth ing  l i k e  13-0. They d i d  i t  v e r y  s i m p l y  by  c o n c e n t r a t i n g  
on s t o p p i n g  f o u r  or  f i v e  k e y  p l a y s  t h a t  t h e i r  i n t e l l i g e n c e  i n d i c a t e d  OU used when t h e  
g o i n g  g o t  t ough .  From t h e r e  on i t  was s i m p l y  e x e c u t i o n .  There i s  a message i n  t h e r e  
fo r  us and I w i l l  come back t o  i t  l a t e r .  

Bud 

Next  I would l i k e  t o  d i s c u s s  l e a d e r s h i p ,  because l e a d e r s h i p  i s  t h e  k e y  f a c t o r  
t h a t  u n d e r p i n s  success .  L e a d e r s h i p  embodies many o f  t h e  t h i n g s  I want  t o  t a l k  a b o u t  
t o d a y  - i t  i s  a key word fo r  a l l  o f  us h e r e .  The f i r s t  i n g r e d i e n t  i n  l e a d e r s h i p  i s  
v i s i o n  - where do each o f  you want to  be i n  5 or 10 y e a r s ;  where d o  you want  t h e  
t e c h n o l o g y  o f  i n d i u m  phosph ide  ( I n P )  t o  be? The second s t e p  i n  l e a d e r s h i p  i s  t o  
d e v e l o p  an a c t i o n  p l a n  f o r  a c h i e v i n g  t h a t  v i s i o n .  What key s t e p s  do  we have t o  t a k e  
to g e t  t h e r e ?  F i n a l l y ,  i n  t h e  cou rse  o f  i m p l e m e n t i n g  t h e  a c t i o n  p l a n  you have t o  
p e r f o r m  and i n  c u r  b u s i n e s s  t h a t  u s u a l l y  means i n n o v a t i v e  t e c h n i c a l  advances .  

L e t ' s  t a l k  a b o u t  v i s i o n .  What i s  y o u r  v i s i o n  o f  what InP  d e v i c e s  can become? 
Hhat  marke t  n i c h e  can t h e y  f i l l ?  How can t h e y  change t h e  cou rse  o f  human e v e n t s ?  
qoid o n t o  t h a t  t h o u g h t  - b u t  do n o t  b e l i e v e  you a r e  g o i n g  t o  become w e a l t h y  d o i n g  i t !  
That  may nappen b u t  i t  i s  a b y p r o d u c t  o f  v i s i o n ,  a c t i o n ,  and s u p e r i o r  t e c h n o l o g y .  
I f  you a r e  i n  t h i s  b u s i n e s s  t o  m e r e l y  become w e a l t h y ,  f o r g e t  i t !  
p e o p l e  a t t e n d i n g  a c o n f e r e n c e  on I n P ,  I know t h e r e  i s  a tremendous v i s i o n  as w e l l  as 
a tremendous o p p o r t u n i t y  p r o v i d e d  we can b r i n g  i t  a l l  t o g e t h e r  i n  a u n i f i e d  v i s i o n  t o  
focus  o u r  e n e r g i e s  l e a d i n g  toward  a c t i o n  p l a n s .  

However, w i t h  290 



Figure 1 depic ts  some o f  the p r e s e n t  app l i ca t i ons  f o r  InP .  Each o f  you has an 
i n t e r e s t  i n  one o r  more o f  these a r e a s .  The question marks cover a l l  those t h a t  may 
have been inadver tent ly  omitted o r  f u t u r e  app l i ca t i ons  t h a t  may s p r i n g  out o f  t h i s  
or other s i m i l a r  meetings. W h i l e  a l l  t h e s e  a r e a s  a r e  t e c h n i c a l l y  chal lenging, which 
may be the most successful? 
t h e  f i rs t  s t e p  i s  t o  examine t h e  s p e c i a l  m a t e r i a l  c h a r a c t e r i s t i c s  o f  InP, then seek 
t o  c a p i t a l i z e  on them t o  c r e a t e  a market niche. 

Wh i le  prognost icat ion i s  beyond t h e  scope o f  t h i s  paper, 

Figure 1. - Indium phosphide applications. 

F i g u r e  2 sh J S  a s e l e c t e d  l i s t  o f  s p e c i a l  c a p a b i l i t i e s  o r  c h a r a c t e r i s t i c s  o f  I n P  
I apologize i f  some major po in ts  w e r e  omit ted,  b u t  I have t h a t  I f e e l  a r e  important. 

h i g h l i g h t e d  s e v e r a l  key a r e a s  t h a t  I f e e l  a r e  p a r t i c u l a r l y  

HIGHSPEED* 

RADIATION TOLERANT 

HIGH COST (BAD!) 

OPTOCHEMICAL ETCHING 

HIGHER FREQUENCY 

BETTER THERMAL CONDUCTIVITY 

GREATER BREAKDOWN FIELD 

Figure 2. - Special capabilities and 
characteristics of InP relative to 
GaAs and most other materials. 
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important and give InP a decided advantage. The first key characteristic is high 
speed and that is already being capitalized upon with devices reaching the one- 
hundred plus gigahertz range. There is a significant opportunity for growth in this 
area. The second key capability is radiation tolerance, and I will be more specific 
later. I feel radiation tolerance is the biggest sleeper and the biggest potential 
for market share in indium phosphide right now. High cost is bad to me, even though 
it may appeal to many (suppliers included)! Because I am in space power, we need a 
lot of area to change sunlight into electricity with solar cells. Indium phosphide 
can yield around 200 W/m2 or so in space, and with applications spanning from 5 to 
10 kW to about 100 kW, areal cost becomes an issue. When you are selling chips that 
are a few square millimeters, cost is an entirely different issue! Optochemical 
etching will be discussed briefly as InP has some unusual properties in that area 
that may not have been exploited sufficiently. The remaining three attributes are 
better left for detailed technical discussions rather than in this paper - you all 
are doing an excellent job in these areas. 

Now, what about radiation tolerance? I believe this area offers substantial 
new horizons for InP when the devices are likely to be exposed to radiation such as 
electrons, protons, neutrons, gamma and x-rays, etc. Figure 3 summarizes some obser- 
vations about radiation damage. From the very limited data available, it appears 
that HBTs, HEMTs, MISFETs, and solar cells all have at least twofold greater resist- 
ance t o  radiation than do comparable GaAs devices. Specifically, solar cells have 

ELECTRONS, PROTONS, NEUTRONS, GAMMAS, X-RAYS, 
ETC. 

HBT's, HEMT's, MISFETS, SOLAR CELLS - - - 
- 

- VERY LIMITED DATA 

2 TO 1OX BETTER THAN GaAs 

SOLAR CELLS ANNEAL EASILY 

- LIGHT 

- CURRENT 
- TEMPERATURE 

WHAT DOES THIS IMPLY FOR ACTIVE CIRCUITS? 

- NEEDDATA 

Figure 3. - Radiation tolerance considerations. 

t s n f ~ l d  g r e a t e r  resistance t o  electrons and protons than do GaAs solar cells. This 
i s  a i l  the :nore amazing when you realize that solar cells are minority carrier 
devices \;riiose performance i s  strongly influenced by the minori ty carrier diffusion 
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l e n g t h .  Fu r the rmore ,  I n P  s o l a r  c e l l s  annea l  e a s i l y  - i l l u m i n a t i o n  d u r i n g  r a d i a t i o n  
promotes s u b s t a n t i a l  a n n e a l i n g  - abou t  a f u r t h e r  d o u b l i n g  i n  r e s i s t a n c e .  F i n a l l y ,  
r a i s i n g  t h e  tempera tu re  to  abou t  100 " C  t o t a l l y  annea ls  t h e  damage. What, t h e n ,  does 
t h i s  i m p l y  f o r  i r r a d i a t i o n  o f  a c t i v e  c i r c u i t s ?  I s  anyone d o i n g  i r r a d i a t i o n  t e s t i n g  
of f u l l y  o p e r a t i n g  I n P  d e v i c e s  a t  t e m p e r a t u r e ?  I would  s t r o n g l y  recommend such t e s t -  
i n g .  For example, NASA needs power management e l e c t r o n i c s  capab le  o f  h a n d l i n g  hun- 
d reds  o f  v o l t s  i n  t h e  s t r o n g  n e u t r o n  and gamma r a d i a t i o n  env i ronmen t  o f  SP-100, t h e  
100 kW space n u c l e a r  r e a c t o r  power system. C o n v e n t i o n a l  s i l i c o n  t r a n s i s t o r s  w i l l  n o t  
do  t h i s  j o b  and nonsemiconductor  approaches a r e  too heavy and u n r e l i a b l e .  I f i r m l y  
b e l i e v e  t h e  I n P  w i l l  soon be w i d e l y  r e c o g n i z e d  as t h e  o b v i o u s  m a t e r i a l  o f  c h o i c e  f o r  
use i n  heavy r a d i a t i o n  e n v i r o n m e n t s .  

NO 10 YRS 
RADIATION G.E.O. 

L e t ' s  look a t  a compar ison o f  s o l a r  c e l l s  i n  r a d i a t i o n  e n v i r o n m e n t s .  F i g u r e  4 
compares s l i c o n ,  g a l l i u m  a r s e n i d e ,  and i n d i u m  phosph ide  s o l a r  c e l l s  i n  v a r i o u s  n a t u -  
r a l  r a d i a t  on  env i ronments  nea r  E a r t h .  S t a t e - o f - t h e - a r t  p r o d u c t i o n  e f f i c i e n c y  i n  
s i l i c o n  i s  15 t o  16 p e r c e n t ,  i n  GaAs 1 7  to  18 p e r c e n t ,  and i n  I n P  a b o u t  1 6  t o  1 7  p e r -  
c e n t  - n o t  g r e a t l y  d i f f e r e n t .  However, when t h e s e  c e l l s  go i n t o  r a d i a t i o n  e n v i r o n -  
ments we s e e  l a r g e  d i f f e r e n c e s .  For example a f t e r  10 y e a r s  i n  geosynchronous E a r t h  

l- 

0 PROJECTED 

0 STATE OF THE ART 

~~~ ~ 

2 YRS, 3000 nm-30 "C 
(80 YRS G.E.O.) 100 x 100 "C - \ 

\ 

Figure 4 .  - Solar cell performance comparison. 
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o r b i t  ( G E O ) .  s i l i c o n  has los t  about  2 5  p e r c e n t  o f  i t s  power, GaAs abou t  10 t o  1 5  p e r -  
c e n t .  and I n P ,  n o t h i n g .  I n  f a c t  InP i n  t h i s  a p p l i c a t i o n  w i l l  y i e l d  a b o u t  50 p e r c e n t  
more power a f t e r  10 y e a r s  than an e q u i v a l e n t  a r e a  o f  s i l i c o n .  A inore o y t r e m e  case 
i s  an o r b i t  a t  3000 nmi ,  t h e  h e a r t  o f  t h e  Van A l l e n  r a d i a t i o n  b e l t .  Two y e a r s  h e r e  
i s  e q u i v a l e n t  t o  80 y e a r s  a t  G E O .  E i g h t y  y e a r s  may sound l o n g  - and i t  i s ,  b u t  N A S A  
i s  b e g i n n i n g  t o  e x p l o r e  t h e  t e c h n o l o g y  f o r  s a t e l l i t e s  w i t h  30-year l i f e  so t h i s  i s  
n o t  o u t  of  l i n e .  I n  t h i s  a p p l i c a t i o n  we e n v i s i o n  u s i n g  s u n l i g h t  c o n c e n t r a t o r s  t o  
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reduce the  cost of I n P  s o l a r  a r r a y s  p l u s  b o o s t i n g  t h e  tempera tu re  t o  100 "C a t  l O O X  
s u n l i g h t  c o n c e n t r a t i o n .  I n  t h i s  case,  I n P  s t i l l  does n o t  lose any pe r fo rmance  w h i l e  
b o t h  GaAs and S i  have dropped d r a m a t i c a l l y .  Now InP  produces t h r e e  t imes  more o u t -  
p u t  t han  s i l i c o n  and abou t  50 p e r c e n t  more than  g a l l i u m  a r s e n i d e .  Ano the r  paper  a t  
t h i s  conference by  I r v i n g  Weinberg w i l l  d e t a i l  t h e  r e s u l t s  o f  s o l a r  c e l l  t e s t i n g  o n  
t h e  Naval Research L a b o r a t o r y ' s  LIPS I11 space t e s t .  These space t e s t s  appear  t o  be 
c o n f i r m i n g  t h e  r a d i a t i o n  t o l e r a n c e  o f  I n P .  What does t h i s  k i n d  o f  pe r fo rmance  mean 
t o  NASA? W e l l  fo r  one t h i n g ,  as shown i n  F i g .  5 ,  i t  suggests  t h a t  I n P  s o l a r  c e l l s  
i n  l i g h t w e i g h t  r e f r a c t i v e  s u n l i g h t  c o n c e n t r a t o r s  c o u l d  power a "space t u g ' '  p r o p e l l e d  
by  e l e c t r i c  t h r u s t e r s  t h r o u g h  t h e  r a d i a t i o n  b e l t s  t o  d e l i v e r  c a r g o  t o  o r b i t  beyond 
E a r t h .  Because power l e v e l s  from hundreds o f  k i l o w a t t s  to  megawatts a r e  r e q u i r e d  
for  s h o r t  t r i p  t i m e s ,  cos t ,  a rea ,  e f f i c i e n c y  and r a d i a t i o n  t o l e r a n c e  a r e  k e y  i s s u e s .  
I n P  s o l a r  c e l l s  i n  s u n l i g h t  c o n c e n t r a t i n g  systems f i l l  t h e  b i l l  n i c e l y .  W i t h o u t  I n P ,  
n u c l e a r  power systems would be t h e  s o l e  c h o i c e .  

ISSUES: 
- LOW MASS 
- RADIATION TOLERANCE 

SUGGESTED PV SYSTEM: 
- InP REFRACTIVE CONCENTRATOR ARRAY 

InP CONCENTRATOR ARRAY POTENTIALLY 
RADIATION HARD, LIGHTEST WEIGHT OPTION 
AMONG ALL POWER SYSTEMS 

Figure 5. - Photovoltaic powered Orbit Transfer Vehicle. 

kihat about  cost r e d u c t i o n s ?  S u n l i g h t  c o n c e n t r a t o r s  a r e  one way t o  reduce  t h e  
c r J s t  of InP p h o t o v o l t a i c  systems because lenses  or mirrors a r e  much cheaper  t h a n  I n P  
( c r  any o t h e r  semiconduc to r  as f a r  as t h a t  g o e s ) .  I would l i k e  t o  f i n d  a way to  sub- 
; ; s .n t i a l l y  reduce  t h e  cost o f  I n P  s o l a r  c e l l s  r e g a r d l e s s  of a p p l i c a t i o n ,  however 
e f f i c i e n c y  must n o t  be s a c r i f i c e d .  F i g u r e  6 shows one approach t h a t  c h a l l e n g e s  t h e  
s t a t e - o f - t h e - a r t  o f  semiconduc to r  p r o c e s s i n g .  T h i s  f i g u r e  ;uggests t r y i n g  t o  s o l v e  
t n e  7 p e r c e n t  l a t t i c e  mismatch between s i l i c o n  and InP  by u s i n g  c a r e f u l l y  g raded  and 
annea led  t r a n s i t i o n  l a y e r s .  The s i l i c o n  base wou ld  p r o v i d e  much i n c r e a s e d  s t r e n g t h  
and h a n d l e a b i l i t y ,  reduced mass, and much reduced c o s t .  A c o r o l l a r y  b e n e f i t  i s  
i n c r e a s e d  I n P  m a t e r i a l  a v a i l a b i l i t y  because o n l y  abou t  a 5 pin t h i c k n e s s  i s  needed for- 
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<TRANSITION J. 
LAYERS 

BENEFITS 

- INCREASED STRENGTH 

- REDUCED WEIGHT 

- REDUCED COST 

- INCREASED MATERIAL 
AVAl LAB1 LlTY 

ISSUES 
- LATTICE CONSTANT, 

EXP. COEFF. 
MISMATCH 

- DISLOCATIONS 

- COUNTERDOPING BY 
Si DIFFUSION 

SOLUTIONS 

- GRADED TRANSITION LAYERS 

- REDUCED PROCESSING TEMP. 

UNIQUE TO PHOTOVOLTAICS? 

Figure 6. - Indium phosphide solar cells on silicon. 

total light absorption. Clearly the technical issues here are very challenging and 
will require some of the world's best minds to solve. Great strides have been made 
in epitaxial growth of GaAs o n  Si with a 4 percent lattice mismatch by using tailored 
transition layers, superlattice structures, and careful annealing to kill mismatch 
generated dislocations. Virtually bulk GaAs properties are being produced in such 
combinations. With InP, we are stretching nearly a factor of 2 more in mismatch. 
The payoff for success is substantial and significant however, because it will open 
up space to using a lot of InP - and in fact, may open the door to numerous tet-res- 
trial applications. 

For example, let me stretch your thinking. Were we to succeed i n  growing high 
quality InP on silicon, and knowing how to already grow quality GaAs layers, might 
it be possible to someday consider a super-hybrid circuit compound of all three mate- 
rials? Conceptually, one could then have a chip with devices from several different 
materials, each using the characteristic of that material to advantage to provide a 
circuit that exceeds the capability of all three (or more) materials. Of course 
there are immensely difficult processing issues that are beyond our knowledge to 
solve today b u t  that should not stop us from dreaming. I want to stimulate your 
thinking and challenge you to attack these "next generation" problems as well a s  
;olving the formidable problems izre are struggling with today. It is better to 
attack the hard problems - even if you do not fully succeed, for your progress i s  
much greater than it would have been were only more modest problems addressed. 
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L e t ' s  address  a n o t h e r  way t o  a c h i e v e  l i g h t  w e i g h t .  Weight  i s  i m p o r t a n t  t o  NASA 
because l i f t i n g  mass t o  low E a r t h  o r b i t  i s  an expens ive  p r o p o s i t i o n  today .  F o r  
example, send ing  1 k g  o f  mass t o  o r b i t  a t  an a l t i t u d e  o f  150 nmi costs abou t  $8000. 
A t  t h a t  r a t e ,  a r o u n d - t r i p  t i c k e t  f o r  a pe rson  would c o s t  abou t  $600,000! A f a r  c r y  
from y o u r  a i r l i n e  t i c k e t .  By t h e  way, p u t t i n g  t h e  same 1 k g  o f  mass o n  Mars costs 
around $500,000, so i t  i s  p r e t t y  o b v i o u s  why NASA has an i n t e r e s t  i n  r e d u c i n g  mass 
of s y s t e m s .  The Space S t a t i o n  Freedom s o l a r  a r r a y s  use s i l i c o n  s o l a r  c e l l s ,  p roduce  
abou t  100 t o  150 W/m2 w i t h  a s p e c i f i c  power o f  6 6  W/kg. F i g u r e  7 shows a NASA g o a l  
o f  r e a c h i n g  200 W/m2 and 300 W/kg - a f a c t o r  o f  5 improvement for  t h e  s o l a r  a r r a y  
s p e c i f i c  power. Such ach ievement  wou ld  y i e l d  l a r g e  b e n e f i t s  t o  s p a c e c r a f t  i n  t e r m s  
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o f  i n c r e a s e d  pay  loadand reduced  costs. We b e l i e v e  these  g o a l s  may be a t t a i n a b l e  
w i t h  I n P .  The i n s e t  shows a 5 pm t h i c k  I n P  s o l a r  c e l l  made u s i n g  a number of p r o -  
cesses such as t h e  CLEFT p r o c e s s  deve loped  by  K o p i n  Corp .  or t h e  p e e l e d - f i l m  approach 
p i o n e e r e d  by  Carnegie-Me1 l o n  U n i v e r s i t y .  H i g h  q u a l i t y  f i  l m s  have been produced by 
t h e s e  approaches,  a l b e i t  l i t t l e  a t t e n t i o n  has been d e v o t e d  to  I n P .  There a r e  a 
number o f  s p e c i a l  i deas  r e p r e s e n t e d  i n  t h i s  c e l l .  f i r s t ,  grooves  a r e  opened by  l a s e r  
p r o c e s s i n g  t h e  f i l m .  N e x t  p+ and n+ heavy d i f f u s i o n s  a r e  made i n t o  t h e s e  w e l l s  t o  
form j u n c t i o n s  and then  t h e  s u r f a c e  n+ (or  p + >  b r o a d  a r e a  j u n c t i o n  i s  formed by  a 
l i g h t e r  d i f f u s i o n .  The c e l l  now has a s e r i e s  o f  i n t e r d i g i t a t e d  n+ and p+ j u n c t i o n s .  
The c o n t a c t  m e t a l l i z a t i o n  i s  d e p o s i t e d  i n t o  t h e  l a s e r  g rooves  and b u i l t  up f l u s h  w i t h  
t h e  su r face .  T h i s  now looks much l i k e  a t r a n s i s t o r  s t r u c t u r e .  To p r o t e c t  t h e  c e l l ,  
and t o  make a r r a y  i n t e r c o n n e c t i o n s ,  we make a s p e c i a l  cove r  g l a s s .  Once a g a i n  t h e  
m e t a l l i z a t i o n  i s  p l a c e d  i n  g rooves ,  o n l y  now t h e  p a t t e r n  i n c l u d e s  t h e  p a t t e r n s  neces-  
s a r y  t o  i n t e r c o n n e c t  a l l  t h e  c e l l s  i n t o  an a r r a y  and b r i n g  t h e  power t o  a u s e r .  
L i g h t  can be d i r e c t e d  around t h e  g r i d  l i n e s  b y  mak ing  p r i s m s  i n  t h e  s u r f a c e  t o  
r e f r a c t  t h e  l i g h t  a round t h e  m e t a l  and i n t o  t h e  a c t i v e  semiconduc to r .  The su r face  
o f  a c e l l  cove red  w i t h  such a p r i s m a t i c  c o v e r  shows no  ev idence  o f  m e t a l  g r i d  l i n e s ,  
t hus  t h e  l i g h t  i s  v i r t u a l l y  t o t a l l y  absorbed i n  t h e  semiconductor  and a b l e  t o  p roduce 
u s e f u l  power .  The c e l l  can be bonded t o  t h e  c o v e r  g l a s s  by  e l e c t r o s t a t i c  b o n d i n g  
wh ich  r e q u i r e s  no adhes ive .  Thus, t h e  c e l l  i s  h e r m e t i c a l l y  s e a l e d ,  t h e  m e t a l  g r i d  
l i n e s  a r e  a l s o  bonded so a comp le te  i n t e r c o n n e c t e d  a r r a y  can be made i n  one s t e p .  
Add ing  a rugged b a c k i n g  comp le tes  t h e  a r r a y .  Concepts  l i k e  t h i s  can l e a d  beyond t h e  
300 Wlkg a r r a y .  

Now l e t  me c h a l l e n g e  you  t o  a n o t h e r  a s p e c t  o f  t h i s  u l t r a t h i n  m a t e r i a l .  I s  i t  
f e a s i b l e  t o  make a c t i v e  d e v i c e s  such as t r a n s i s t o r s  u s i n g  t h e  back and f r o n t  of t h e  
d e v i c e  i n s t e a d  o f  u s i n g  o n l y  t h e  s i n g l e  s u r f a c e ?  Does a v a i l a b i l i t y  o f  t h e  t h i r d  
d imens ion  i n t o  t h e  b u l k  l e a d  t o  new or i n n o v a t i v e  d e v i c e  s t r u c t u r e s  t h a t  may be 
advantageous? 

F i n a l l y ,  l e t  me b r i e f l y  m e n t i o n  o p t o c h e m i c a l  e t c h i n g  o f  I n P .  By e x p o s i n g  InP  t o  
l i g h t  i n  a chemica l  b a t h ,  i t  i s  p o s s i b l e  t o  make l e n s e s  on t h e  su r face ,  g rooves  or 
o t h e r  r e a s o n a b l y  complex g e o m e t r i e s .  How m i g h t  t h i s  s u r f a c e  m o d i f i c a t i o n  o p p o r t u n i t y  
l e a d  t o  new d e v i c e s  - can t h e s e  be used as p a r t  o f  an i n t e g r a t e d  o p t i c s  s y s t e m ?  How 
can t h i s  p e c u l i a r  c h a r a c t e r i s t i c  o f  I n P  be used t o  p roduce  new d e v i c e s  or  f u n c t i o n -  
a l l y  i n t e g r a t e d  c i r c u i t s ?  I w i l l  l e a v e  t h a t  t o  y o u r  i n g e n u i t y  f o r  t h e  n e x t  I nP  
c o n f e r e n c e .  

L e t  me s i m p l y  end up where I s t a r t e d .  A l l  of you a t  t h i s  c o n f e r e n c e  have a 
v i s i o n ;  you see t h e  a p p l i c a t i o n s  - b u t  do  you have an a c t i o n  p l a n  on  where you (and  
we t h e  InP  communi ty)  want t o  be i n  10 y e a r s ?  W i l l  I n P  become t h e  m a t e r i a l  of c h o i c e  
f o r  many a p p l i c a t i o n s  - f o r  example i n  r a d i a t i o n  e n v i r o n m e n t s ?  Where a r e  t h e  n i c h e  
marke ts  - how can we u t i l i z e  t h e  t h i n g s  we have l e a r n e d  i n  w o r k i n g  w i t h  1 1 1 - V s ,  a 
v e r i t a b l e  candy store o f  o p t i o n s ?  We have t h e  o p p o r t u n i t y  to  a t t a c k  and surmount  
c r i t i c a l ,  c h a l l e n g i n g  b a r r i e r s  and d e l i v e r  t h e  new t e c h n o l o g i e s  t h a t  w i l l  change t h e  
cou rse  o f  human e v e n t s .  A l l  we need i s  l e a d e r s h i p  and v i s i o n .  L i k e  Notre Dame and 
OU . . . N o t r e  Dame had l e a d e r s h i p  w i t h  t h e  v i s i o n ,  t h e y  had t h e i r  a c t i o n  p l a n  and 
t h e y  execu ted .  J u s t  as t h e y  won a g r e a t  v i c t o r y ,  we too can w i n  a g r e a t  v i c t o r y  (ind 
d e l i v e r  new,  super io r -  I nP  t e c h n o l o g y  f o r  t h e  w o r l d ' s  b e n e f i t .  
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